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Rett syndrome (RTT), a devastating neurodevelopmental disorder, is caused in 95% of
the cases by mutations in the X-chromosome-localized MECP2 gene. RTT manifests as
a range of multisystem disturbances including altered lipid profile, subclinical inflam-
mation, and overall OxInflammatory status in which mitochondrial dysfunction acts as
central player. To decipher the molecular mechanisms underlying the pathophysiolog-
ical manifestations affecting patients, we investigated whether mitochondria may play
arole in the aberrant immune and oxidative responses of RTT. Recent findings from our
and other labs unraveled several abnormalities in RTT mitochondria including atypical
mitochondrial structure, deregulated expression of genes encoding oxidative phos-
phorylation factors and mitochondrial organization factors, impaired mitochondrial
quality control, depressed energetic profile, and augmented mt-ROS production. In
other brain diseases, mitochondrial dysfunction is a vital event during the activation of
NLPR3 inflammasome, a multi-protein complex involved in innate immune response,
that represents a common denominator in the crosstalk between inflammation and
oxidative stress. Interestingly, using primary fibroblasts and lympho-monocytes isolat-
ed from RTT patients, we found a constitutive hyperactivation of NLRP3:ASC inflam-
masome associated with increased levels of nuclear p65 and ASC proteins, and pro-IL-
1B mRNA, without the ability to further respond to the LPS + ATP stimuli. Furthermore,
increased circulating levels of ASC, interleukin (IL)-18, and 1B were found in RTT indi-
viduals, thus corroborating the aforementioned cellular findings. In order to evaluate
NLRP3 involvement in the transition from pre-symptomatic to symptomatic phase of
RTT, we detected higher serum levels of IL-1B and IL-18 in symptomatic Het mice com-
pared to WT. Of note, increased gene expression of IlI-1b, NIrp3, and ASC was observed
in Het brains at the pre-symptomatic stage, suggesting a likely role of NLRP3 impair-
ment in the early stages of the disease. Preliminary data showed that treatment with
resveratrol, known to improve mitochondrial function, ameliorated the RTT mouse
phenotype by restoring levels of some NLRP3-related components. Furthermore, mi-
tochondrial dysfunction can result in ferroptosis, a form of cell death characterized by
iron-dependent lipid peroxidation and accumulation of reactive oxygen species. After
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treatment with two ferroptosis inducers, erastin (GPX4 inhibitor) or RSL3 (inhibitor of
the cystine/glutamate antiporter), we found changes in GPx and GR activity, alteration
in GPX4 protein levels and increased formation of 4HNE protein adducts. Mitochon-
drial ROS production and lipid peroxidation levels were higher in RTT after ferroptosis
induction, while co-treatment with ferrostatin-1, a well-known inhibitor of ferroptosis,
significantly prevented these processes. Interestingly, co-treatment with mito-TEMPO,
a mitochondria-targeted superoxide dismutase mimetic, mitigated mitochondrial ox-
idative burden and prevented ferroptosis cell death in RTT cells. Overall, our results
demonstrate the decisive role of mitochondrial dysfunction in RTT OxInflammation.
Thus, we can speculate that exposure of RTT cells to any condition affecting the already
compromised mitochondrial function could not only hyperactivate the inflammatory
status but also precipitate ferroptosis cell death. Targeting mitochondria in RTT could
represent a strategic coadjuvant therapy to improve the quality of life of the affected
patients.





